Ocular alignment and saccades were studied in seven patients with trochlear nerve pareses, before and after strabismus surgery. Prior to surgery, a position-dependent vertical ocular misalignment was present, and downward saccades were hypometric in the paretic eye. Strabismus surgery reduced the magnitude and position-dependence of the static misalignment. Saccade conjugacy improved in the patients with congenital pareses, and in the patient with a gradual-onset acquired paresis, but less improvement occurred in subjects with traumatic pareses. The post-operative change in saccade conjugacy relative to the change in static alignment correlated with pre-operative vertical vergence, suggesting that changes in saccade yoking depend on an interaction between saccades and vertical vergence.
INTRODUCTION
Optimal binocular vision requires that ocular alignment be precisely controlled, so that images of an object of interest fall on the fovea of each eye. The innervation sent to the extraocular muscles of the two eyes must therefore be tightly regulated. The innervational signals needed to maintain bifoveal fixation and conjugate eye movements, however, are not constant throughout life. Rather, the relative innervation to the two eyes must be adaptively modified to compensate for the mechanical asymmetries in the orbital tissues and extraocular muscles (the oculomotor "plant") that may occur during development and aging, or following lesions such as extraocular muscle pareses.
Adaptation that changes the relative innervation to the two eyes (disconjugate adaptation) can alter the alignment of the eyes during steady fixation, and the conjugacy of eye movements such as saccades. Disconjugate adaptation of saccadic eye movements has been elicited experimentally in animals with unilateral lesions of the oculomotor plant (Viirre, Cadera & Vilis, 1988; Lewis, Zee, Gaymard & Guthrie, 1994) , and in response to optical devices such as anisometropic spectacles, prisms, and to dichoptic viewing conditions that call for a re-adjustment of ocular alignment (Erklens, Collewijn & Steinman, 1989; Oohira & Zee, 1992; Schor, Gleason &Horner, 1990 ). In the case of a unilateral lesion of the plant, adaptation restores conjugacy by increasing the saccade amplitude in the paretic eye, relative to the normal eye. With optical manipulations, adaptation produces disconjugate saccades that compensate for the disparate retinal errors produced by the optical device. The stimulus for disconjugate saccade adaptation is uncertain, but it likely involves the retinal disparity present during the period immediately following the saccade (Schor et al., 1990) . The mere presence of a post-saccadic disparity is not an adequate stimulus for disconjugate adaptation, however. The adaptive process appears to occur only if the subject can fuse the disparate retinal images. If the motor palsy or optical device results in a large disparity that is not fused, disconjugate adaptation does not occur (Oohira & Zee, 1992) .
Human subjects and experimental animals with unilateral vertical muscle pareses have a position-dependent static misalignment of the eyes, and disconjugate saccades characterized by hypometria of the paretic eye relative to the normal eye, particularly for saccades in the direction of action of the paretic muscle (Lewis et al., 1994) . Fusion is usually not possible in this setting, as vertical fusional amplitudes are limited. Strabismus surgery is performed to re-align the eyes, and if successful, should result in fusion, and normal visual function. An obligate improvement in saccade conjugacy, however, would not 3256 RICHARD F. LEWIS et al.
be expected to result from surgery alone. The mechanical changes evoked by surgery that function to optimize static alignment would not necessarily optimize the phasic forces that correctly yoke the eyes during saccades. Realignment of the eyes, however, may induce the process of disconjugate saccadic adaptation by allowing fusion to occur.
In this study, we have examined the effect of strabismus surgery on static and dynamic (saccadic) ocular alignment in subjects with pareses of the superior oblique muscle. The purpose was to analyze the contribution of superior oblique activity to static and dynamic ocular motor function, and to examine the effect that static re-alignment has on dynamic function. In particular, we have investigated the changes that occur in the conjugacy of saccades after surgical re-alignment of the eyes, and the relationship between these changes and vertical vergence eye movements.
METHODS

(1) General experimental procedures
Eye movement recordings were performed with the magnetic field search coil method (Robinson, 1963) , using scleral annuli (Collewijn, Van der Mark & Jensen, 1975) . Analog signals were filtered at 90 Hz and then sampled and saved by a computer at 500 Hz with 12 bit resolution. Recordings were made during monocular viewing with each eye, and during binocular viewing. All recordings obtained with the patients viewing monocularly were carried out in total darkness, except for the light emitting diode (LED) target. Recordings with binocular viewing were performed in a dimly illuminated room. Eye movements were recorded in each patient the day before strabismus surgery, and approx. 2 months after surgery (average 67 days after surgery, range 57-79 days). Informed consent was obtained from all subjects prior to eye movement recordings.
(2) Experimental subjects
Seven patients with trochlear nerve pareses were evaluated (Table 1) . Six subjects had unilateral pareses, diagnosed on the basis of a vertical misalignment that increased with adduction of the higher eye and with head tilt towards the higher eye (Parks, 1958) . One subject (RD) had asymmetrical, bilateral trochlear nerve pareses, evidenced by a vertical misalignment that alternated with the direction of lateral gaze, and a moderately large excyclodeviation (11 deg in primary position) (Kushner, 1988) .
Four patients had congenital or early onset pareses (Table 1) . Three patients were classified as congenital/ early onset because of clinical evidence of a paresis (i.e. a history of head tilt, diplopia, or strabismus) dating to infancy or early childhood (Rutstein & Eskridge, 1985) . The fourth subject (EI) spontaneously developed diplopia in his teens, and was diagnosed as a congenital paresis with a delayed breakdown of fusion. Three patients had pareses acquired during adult life (Table 1) . Subject RA had a congenital/early onset paresis which 
Over-corrected by first surgery
Two subjects (JH and RA) had surgical procedures prior to their initial studies. Subject EI had two separate surgeries, and was studied before the first procedure and after the second surgery. NE = normal eye; PE = paretic eye; IO = inferior oblique; IR = inferior rectus; SR = superior rectus.
had previously been treated with an inferior oblique myectomy, but subsequently developed traumatic damage to the trochlear nerve (head trauma at age 60).
(3) Surgical procedures
The surgical procedures performed on each patient are summarized in Table 1 . All patients underwent a recession of the inferior rectus muscle (ranging from 3 to 5.5 mm) of the normal eye. Three patients (SP, JH, and EI) had procedures performed on both eyes, and two patients (JH and RA) had a myectomy of the inferior oblique muscle of the paretic eye many years previously.
(4) Target presentation and experimental paradigms
Patients sat within the magnetic fields with their heads immobilized with a bite bar, and viewed an array of LEDs located 125 cm in front of the head. Targets were arranged as a 3 × 3 stimulus array with 10 deg intervals. Saccades and static ocular alignment were tested by having the patient steadily fix upon stationary targets, and make refixation movements between targets. At each horizontal position, fixation and refixation movements were measured over a range of 10 deg upward to 10 deg downward, in 10 deg increments. The amplitude of the saccadic pulse was determined by subtracting the eye position at the end of the pulse (defined as the point towards the end of the saccade at which eye velocity first drops below 45 deg/sec) from the eye position at the start of the pulse (the point at which eye velocity first exceeds 20 deg/sec). The conjugate yoking of the movements of the two eyes during saccades was defined as the pulse of the normal eye minus the pulse of the paretic eye (pulse-pulse difference). Unless otherwise specified, all data presented below were recorded in the monocular, normal eye viewing (NEV) condition.
RESULTS
(1) Static and Dynamic Ocular Alignment
Prior to Surgery (a) Static alignment The pre-operative vertical static ocular alignment for the four subjects with congenital pareses is summarized in Fig. l(a) . The phoria (ocular alignment measured during monocular fixation with the normal eye) and the tropia (alignment measured during binocular viewing) at each of the nine target positions are illustrated. The magnitude of the phoria varied substantially amongst the subjects with congenital pareses, and was generally smallest for the subject with bilateral, asymmetric pareses (RD). The size of the hyperdeviation varied with orbital position, usually increasing in magnitude for downward positions and horizontal positions in the ADD direction of the eye with the paretic superior oblique muscle.
The tropia also varied substantially amongst subjects. The magnitude of vertical vergence movements (defined as the largest difference between the phoria and tropia recorded at any of the nine fixation points) ranged from 1.6deg (RD) to 15.6deg (El) [ Fig. l(a) ]. One patient (BF) had no ocular misalignment in any of the positions of gaze tested when he viewed with both eyes. The other subjects primarily fixed the target with their normal eye (lower eye for RD) during binocular viewing at the orbital positions where they had a tropia; no subject preferentially fixed with the paretic eye.
The magnitude of the phoria also varied amongst the patients with trochlear nerve pareses acquired during adult life, but generally increased in downward orbital positions, and when the paretic eye was in the horizontal ADD position [Fig. l(b) ]. The magnitude of vertical vergence movements (reflected by the difference between the phoria and tropia) was small in the two subjects with post-traumatic pareses (FM and RA), despite the history of a congenital/early onset paresis in RA. Vertical vergence movements were substantially larger in the subject (SP) with a paresis resulting from a midbrain tumor.
(b) Dynamic alignment (i) Saccadic pulse. Prior to strabismus surgery, the pulse in the paretic eye was hypometric relative to the normal eye for downward saccades in the subjects with congenital pareses, as shown by the intrasaccadic increase in the magnitude of the ocular misalignment (NE-PE) (Fig. 2) . The relative hypometria of the paretic eye was most marked for 0 to down 10 deg saccades, particularly in the horizontal ADD position. Saccade conjugacy was generally better during binocular viewing.
The pulse was hypermetric in the paretic eye relative to the normal eye for many of the upward saccades ( Fig. 2) , particularly those made in upward orbital positions with the paretic eye abducted.
In the three patients with acquired pareses, the paretic eye made hypometric saccades relative to the normal eye for the majority of downward saccades (Fig. 3) . The dysmetria was most marked in downward orbital positions with the paretic eye adducted, and saccades were generally better yoked in the binocular viewing state than in the NEV state. Upward saccades were hypometric in the paretic eye in some orbital positions for subjects SP and FM (Fig. 3) , and hypermetric in other orbital positions (particularly with the paretic eye abducted). The third patient with an acquired palsy (RA) displayed hypermetria in the paretic eye for most upward saccades. (ii) Post-saccadic drift. For the subjects with congenital pareses, the normal eye drifted upwards, and the paretic eye drifted slightly upwards or downwards after upward saccades (Fig. 2) . This disconjugate drift reduced the magnitude of the ocular misalignment present at the end of the saccadic pulse, by elevating the normal eye with respect to the hyperdeviated paretic eye. The drift following downward saccades (Fig. 2) varied amongst the subjects with congenital pareses, and did not display a consistent pattern of disconjugacy.
For the subjects with acquired pareses, upward saccades were followed by an upward drift of both eyes, more prominent in the normal eye, resulting in a disconjugate drift that reduced the post-saccadic misalignment (Fig. 3) . Following downward saccades, the disconjugate drift was characterized by a variable combination of upward movement of the normal eye (Fig. 3 ) and downward drift of the paretic eye, again reducing the post-saccadic misalignment.
Binocular vision had a variable effect on the postsaccadic drift. In some subjects, binocular viewing reduced the magnitude of the disconjugate drift (compared to the post-saccadic drift present in the NEV condition), and in other subjects, the magnitude of the disconjugate drift increased during binocular viewing.
(2) Effect of Strabismus Surgery (a) Static alignment
In two subjects with congenital pareses (BF, JH), surgical re-alignment reduced the magnitude of the phoria, allowing vertical vergence to eliminate the tropia at each fixation position during binocular viewing [ Fig. 4(a) ]. Subjects EI and RD (congenital pareses) were surgically overcorrected, as their phorias became positive (normal eye higher than paretic eye), but they noted no diplopia and had minimal ocular misalignment at most of the fixation points when viewing binocularly. The three subjects with acquired pareses were also without diplopia after surgery, and had minimal misalignment with binocular viewing, despite the limited vertical vergence present in two of these patients [ Fig. 4(b) ]. post-saccadic drift occurring after upward saccades was less, and drift was minimal in both eyes following downward saccades. The static ocular alignment and the instantaneous alignment of the eyes during downward saccades for subject BF, before and after strabismus surgery, are shown in Fig. 6 (horizontal ADD l0 deg position). Following surgery, the magnitude and position-dependency of the phoria during steady fixation were less, and saccade conjugacy was improved, as shown by a decrease in the change in intrasaccadic alignment. In the post-operative state, the alignment of the eyes during the saccades was close to the alignment during steady fixation, and hence little disconjugate post-saccadic drift occurred.
The relationship between the relative change in static and dynamic alignment resulting from surgery can be demonstrated by graphing the difference in the value of the phoria at two adjacent vertical target positions (static alignment difference) against the change in alignment (NE pulse-PE pulse) during downward saccades made between the same two targets, before and after surgery [ Fig. 7(a) ]. For example, the pulse-pulse difference for downward saccades from up 10 deg to 0 deg is plotted against the difference between the phoria value at up 10 deg and 0 deg. In patient BF [ Fig. 7(a) ], the surgery reduced the difference in static alignment between fixation points (by decreasing the position-dependence of the static misalignment) and also reduced the change in alignment during saccades.
To quantify the relationship between the relative change in static and dynamic alignment resulting from surgery, the slope of the line connecting the pre-operative and post-operative average values [Mave, Fig. 7(a) in saccade conjugacy (pulse-pulse difference) to the change in static alignment (alignment at the post-saccade fixation point minus alignment at the pre-saccade fixation point) produced by surgery. The slope was normalized (controlling for differences in the pre-operative average) by dividing it by the slope of the desired surgical result line (Md), which connects the pre-operative average to the ideal post-operative point (0, 0). In the subjects with congenital pareses, strabismus surgery resulted in a commensurate improvement in static and dynamic alignment, evidenced by M~v~/Ma ratios relatively close to 1.0 (Table 2) . Subject RD (bilateral pareses) had the smallest ratio in this group. He was also surgically over-corrected, and prior to surgery had the smallest vertical vergence movements. (ii) Acquired trochlear nerve pareses. Following strabismus surgery, saccades were better yoked for the subjects with traumatic pareses (Fig. 8) , but downward saccades improved to a lesser degree than would be expected from the change in static alignment. While the position-dependency of the static misalignment was markedly reduced by surgery [ Fig. 4(b) ], a substantial disconjugacy in downward saccadic eye movements remained. Post-saccadic ocular misalignment was reduced by a disconjugate drift that immediately followed downward saccades (Figs 8 and 9 ). These changes were present only for downward saccades. Upward saccades were well yoked following surgery and were followed by a fairly conjugate upwards drift in both eyes (Fig. 8) .
The alterations in static and dynamic alignment resulting from surgery in the two subjects with post-traumatic pareses (FM and RA) were similar [ Fig. 7(b, c) ]. In these subjects, the surgical change in static alignment was associated with a relatively small change in dynamic alignment for downward saccades, leading to low Mave/Md ratios (Table 2) . Subject SP, who developed a superior oblique paresis from a midbrain tumor, was undercorrected surgically, but demonstrated parallel changes in static and dynamic alignment, resulting in a relatively high Mave/M a ratio [ Fig. 7(d) ]. The Mave/M d ratios for each subject are summarized in Table 2 , and are plotted as a function of the magnitude of pre-operative vertical vergence (phoria minus tropia) in Fig. 10 . The ratios and vergence magnitudes are small for the two subjects with post-traumatic pareses, and are higher for the subject with a tumor-induced paresis and for the patients with congenital pareses.
(iii) Saccade dynamics. Strabismus surgery led to changes in the conjugacy of vertical saccades, indicating that the saccadic gain of the normal or paretic eye was altered. Gain changes may reflect alterations in the duration or the velocity of the saccadic pulse. Overall, strabismus surgery increased the duration of the pulse in the paretic eye by an average of 10.9%, but had little effect on the peak velocity (average increase of 0.9%). For example, for saccades from 0 deg to down l0 deg in the horizontal ADD position (the position at which saccades were generally the worst yoked prior to surgery), the average duration of the pulse in the paretic eye increased from 59 ___ 11 sec prior to surgery, to 67 _+ 15 sec after surgery (P--0.02, Student's t-test). In contrast, the peak velocity of the paretic eye decreased slightly, but non-significantly, after surgery (254 _+ 46 deg/sec to 244 __ 53 deg/sec, P = 0.48).
DISCUSSION
(1) Static alignment prior to strabismus surgery (a) Phoria. Prior to strabismus surgery, static misalignment was generally greatest in downward orbital positions when the paretic eye was adducted, and smallest in upward positions with the paretic eye abducted. The phoria at primary position ranged from 2.4 to 12.3 deg, with an average value of 6.9 deg. These findings are similar to previous observations (Jampel, 1975; Catalano, Maley & Calhoun, 1988) . Quantitative models of static eye alignment, however, suggest that the superior oblique only exerts a significant downward force when the eye is in extreme adduction, and that an isolated palsy of the superior oblique should produce a relatively small hyperdeviation of the paretic eye (2.4 deg at primary position in Robinson, 1985; Miller & Robinson, 1984) . If the models are correct, this discrepancy may be due to the secondary structural and innervational changes that occur in the extraocular muscles of an eye with a superior oblique paresis, such as shortening of the superior rectus and "overaction" of the inferior oblique (Robinson, 1985; Williams & Goldspink, 1978; Guyton & Weingarten, 1994) .
(b) Vertical vergence. Vertical vergence movements were large in the three subjects with congenital, unilateral pareses, and small in the two subjects with acute, traumatic pareses, consistent with previous reports (Mottier & Mets, 1990 ). The subject with congenital, bilateral pareses (RD) had small vertical vergence movements prior to surgery (1.6 deg), which increased after surgery [maximum value of 4.6 deg-- Fig. 4(a) ]. This result may be due to the excyclodeviation present prior to surgery, manifest as torsional diplopia, which could have interfered with the patient's vergence efforts (Pratt-Johnson & Tillson, 1987) . Strabismus surgery eliminated RD's torsional diplopia, and therefore may have uncovered his large potential for vertical vergence. The patient who gradually acquired a paresis secondary to a brain tumor (SP) had much larger vertical vergence movements than the two patients with acute, acquired palsies. This finding suggests that the rapidity of onset of the paresis may affect the magnitude of the vertical vergence movements, possibly reflecting the larger fusional amplitudes that are present in normal subjects when retinal disparity is introduced slowly (Perlmutter & Kertesz, 1978) .
The magnitude of vertical vergence was defined in our study as the maximal difference between the phoria and tropia measured at any of the nine fixation points. Tropia measurements were made during fixation of a punctate LED in a dimly illuminated room. Since vergence amplitudes are larger when the extent of the retina covered by visual stimulus is larger (Feldman, Cooper & Eichler, 1993) , the vergence magnitudes measured in our study probably underestimate the vertical vergence movements that our subjects were capable of making in normal, ambient light.
(2) Dynamic alignment prior to strabismus surgery
The contribution of the superior oblique muscle to vertical saccadic eye movements is uncertain, as measurements of the peak velocity of vertical saccades in subjects with trochlear nerve palsies have yielded conflicting results (Strathacopoulos, Yee & Bateman, 1991; Tian & Lennerstrand, 1994) . Our data demonstrate hypometria for downward saccades in the paretic eye, which was most marked when the paretic eye was depressed and adducted. For upward saccades, the relative amplitude of the paretic eye saccade varied for different orbital positions and among different patients, but tended to be hypermetric in upward positions when the paretic eye was abducted. These findings may be due to the absent depressive force of the superior oblique muscle, secondary structural and innervational changes in the paretic eye, or changes in the vertical forces generated by the superior and inferior recti (resulting from the excyclodeviation produced by the superior oblique paresis). Specifically, the inferior rectus is a less effective depressor (especially when the eye is adducted) and the superior rectus is a more effective elevator (especially when the eye is abducted) when the eye is extorted (Guyton & Weingarten, 1994) , consistent with our findings.
(3) Effect of strabismus surgery on static and dynamic alignmen t
A principal goal of this study was to investigate 'the effect that static re-alignment of the eyes had on the conjugacy of saccadic eye movements. Since disconjugate adaptation of saccades appears to occur only if sensorimotor fusion is possible (Oohira & Zee, 1992) , static re-alignment may trigger the saccadic adaptation process that recalibrates the innervational signals sent to the eye muscles. Improvements in the conjugacy of eye movements that follow strabismus surgery could also result from direct surgical changes in eye muscle mechanics, which alter the torques acting on the globe. The surgically-induced changes in eye muscle torque that optimize static alignment, however, would not be expected to optimize saccade conjugacy on a purely mechanical basis, since the tonic forces required to hold the eye steady and the phasic forces necessary to move the eye rapidly are markedly different (Miller & Robins, 1992) .
The results in our subjects suggest that the postoperative changes in saccade conjugacy primarily represent a central adaptive process, rather than a surgically-induced mechanical effect. Static realignment of the eyes was associated with highly variable changes in saccade conjugacy in different subjects. In some patients, a marked improvement in saccade conjugacy followed surgery, paralleling the changes in static alignment. In contrast, in two subjects (FM and RA), the static change was dissociated from the dynamic change; static alignment improved after surgery but dynamics showed considerably less change. The variable effect of static re-alignment on saccade conjugacy in different subjects suggests that the changes in dynamic alignment do not simply reflect mechanical (i.e. noninnervational) alterations in the torques acting on the globe.
In addition, strabismus surgery resulted in a small but consistent increase in the duration of saccades made by the paretic eye, but had little effect on the peak velocity. If the change in saccade gain resulted from a mechanical increase in the torque on the globe, the velocity of the eye movement would be expected to increase. Conversely, adaptive changes in saccade gain are associated with an increase in pulse duration and minimal changes in peak velocity (Abel, Schmidt, Dell'Osso & Daroff, 1978) .
(a) Type of trochlear nerve pareses. The change in dynamic alignment relative to the change in static alignment (quantified by the Mave/Md ratio) was greatest for the three patients with congenital, unilateral pareses and for the patient with a gradual-onset acquired paresis (SP), and was smallest for the two subjects with acuteonset, traumatic pareses ( Table 2 ). The Mave/Md ratio did not depend on the length of the post-operative period, over the range tested (57-79 days, average 67 days). The two patients with the lowest ratios were studied 61 and 79 days post-operative, and linear regression of the Mave/Md ratio vs the post-surgical period had a slope of -0.01.
(b) Pre-operative vertical vergence. The change in dynamic alignment relative to the change in static alignment correlated with the size of the pre-surgical difference between the phoria and tropia, as the M,v~/M~ ratio was higher for subjects with larger pre-operative vertical vergence movements (Fig. 10) . While static phoria adaptation in normal subjects is more robust when fusional amplitudes are larger (Sethi & North, 1987) , no relationship between fusional amplitudes and the completeness of disconjugate saccadic adaptation has been demonstrated previously.
Since disconjugate saccadic adaptation is thought to require sensorimotor fusion, one potential explanation for the relationship between vertical vergence movements and the relative changes in static and dynamic alignment is that the patients with less vertical vergence were not able to fuse after surgery, and therefore did not adapt their saccades. The two patients with the smallest vergence movements (FM and RA) and the smallest Mave/Md ratios had excellent surgical results, however, with minimal post-operative misalignment [ Fig. 4(b) ]. Furthermore, none of the seven subjects had diplopia when they were studied in our paradigms 2 months after surgery.
Subject BF was able to fuse prior to strabismus surgery [ Fig. l(a) ]. Although he could effectively eliminate his static misalignment while viewing binocularly, he had a large phoria and substantial saccade disconjugacy during monocular viewing. It is uncertain why he did not adaptively correct his static misalignment prior to surgery by altering the level of tonic vergence, a process that normally occurs when a retinal disparity is fused for a prolonged period (Schor, 1979) . One possible explanation for this finding is that the "null" point, or desired baseline alignment, is abnormal, as it appears to be in some subjects with congenital horizontal strabismus (North & Henson, 1981) . Surgical re-alignment of the eyes may have therefore stimulated disconjugate saccadic adaptation by shifting the "null" point, not by facilitating sensorimotor fusion.
(c) Mechanism of disconjugate saccadic adaptation.
Our results suggest that the improvement in saccade conjugacy induced by strabismus surgery is more complete when larger pre-operative vertical vergence movements are present (Fig. 10) . This finding may indicate that vergence amplitudes correlate in a general sense with disconjugate adaptive capabilities in the ocular motor system. However, it also suggests that the changes in saccade conjugacy that follow strabismus surgery may depend on the vertical vergence system. Adaptive changes in saccadic yoking could reflect the actions of independent pulse generators for each eye (Lemij & Collwijn, 1992) , or a linkage between versional saccadic movements and vergence. Such a linkage could involve a non-linear interaction between vergence and versional pre-motor signals, or the combination of saccadic and vergence "burst" signals, as has been postulated for horizontal eye movements (Zee, Fitzgibbon & Optican, 1992) . Our results suggest that the vertical vergence system may be directly involved in the process of disconjugate saccadic adaptation, and favor the hypothesis that adaptation depends on a linkage between vergence and version.
